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(54) PROCESS FOR THE PRODUCTION OF PATTERNED MOLDINGS OF SILICONE RUBBER 

(57) There is provided a process for the production 

of a silicone rubber molded article to which a design is n,. i 

strongly attached. 

A transfer material or a cover film which is used in 
the process contains a layer which contacts an uncured 
silicone rubber composition in the mold upon molding 
and which contains a polyorganohydrogensiloxane hav- 
ing at least two hydrogen atoms which bond to a sili- 
cone atom or an alkoxysilane having an unsaturated 
bond such as triethoxyvinylsilane as a bond accelerat- 
ing component. 
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Description 

Technical Field 

5 The present invention relates to a process of producing a design attached silicone rubber molded article (i.e. a sil- 

icone rubber molded article with a design attached) in which a silicone rubber composition is cured to form the molded 
article simultaneously with the attachment of the design to a surface of the article, a molded article produced by such 
a process, a transfer material or a cover film which is used for such a process, and a molded article which is produced 
using the transfer material or the cover film. The present invention allows a design such as a character, a mark and/or 

io a pattern to strongly attache to a surface of the silicone rubber molded article, which is preferably used for an article 
such as a keyboard, a self-illuminating switching device and so on. 

Background Art 

is As a process of attaching onto a surface of a silicone rubber molded article a design such as a character, a mark, 
a pattern and so on, the following processes have been hitherto employed: 

One process is disclosed in for example Japanese Patent Kokai Publication (JP-A) No. 8-294938, the disclosure of 
which constitutes a part of the description of the present invention by the reference, provided that it is not opposed to 
the object of the present invention. The process produces a design attached silicone rubber molded article by 
so sandwiching between forces of a mold a transfer material which comprises a transfer layer (which comprises a 

release layer, a design layer, an adhesion layer and so on) formed on a substrate sheet, 

supplying an uncured silicone rubber composition into a mold cavity on a transfer layer side and filling the cavity, 
curing the composition so as to form a silicone rubber molded article and simultaneously attaching the transfer 
material to a surface of the article, and then 
25 peeling off the substrate sheet from the article to transfer the transfer layer onto a surface of the article so that 

the design is formed on the article. This process has an advantage in that necessary steps are reasonably reduced 
since the design is formed within the transfer material and the formation of the design on the article is carried out simul- 
taneously with molding the article. 

There is also another process in which the transfer material of the above process is replaced with a cover film. This 
30 process is disclosed in for example Japanese Patent Kokai Publication (JP-A) No. 8-294940. the disclosure of which 
constitutes a part of the description of the present invention by the reference, provided that it is not opposed to the 
object of the present invention. The process produces a design attached silicone rubber molded article by 

sandwiching between forces of a mold a cover film which comprises a substrate sheet, a design layer, an adhe- 
sion layer and so on which are on the substrate sheet, 
35 supplying an uncured silicone rubber composition of into a mold cavity on a design layer side and filling the cav- 

ity, and 

curing the composition so as to form a silicone rubber molded article and simultaneously attaching the cover film 
to a surface of the article. Also, this process has an advantage in that necessary steps are reasonably reduced since 
the design is indirectly formed within the cover film and the formation of the design on the article is carried out simulta- 
40 neously with the molding of the article. 

In the above prior processes of producing the design attached silicone rubber molded article, bonding of the trans- 
fer layer or the cover film to the silicone rubber molded article is effected by the adhesion layer. However, since the sur- 
face of the silicone rubber molded article is less active, there is a problem in that strong bonding is not always achieved. 
To date, because of low chemical reactivity of the surface of silicone rubber, there are examples such as Japanese 
45 Kokai Patent Publication (JP-A) No. 8-333465, "Process for coating silicone rubber using epoxy resin and silicon rubber 
products coated with epoxy resin," as processes for adhering a different resin on the surface of silicone rubber. This is 
a process in which a primer formulated with irialkoxysilanes and the like containing an epoxy group is coated on the 
surface of silicone rubber. Then, on top of this a composition layer containing an epoxy-group-containing compound, an 
amine-type curing agent and a surface active agent is formed and cured. Although the process where the surface of the 
so silicone rubber is coated with the cured epoxy resin is mentioned, this coating process has a disadvantage in that the 
operation process is extremely complicated and the cost becomes high. Furthermore, when the primer is coated on the 
surface of the silicone rubber, the coating can be uneven, and sufficient adhesion cannot be obtained. 

Alternatively, there are patents which mention adhesion of different resins such as Japanese Kokai Patent Publica- 
tion (JP-A) No 8-118417, "Polyurethane coated silicone rubber molded article and the production process thereof; 
55 however, because the silicone rubbers used therein must necessarily be silicone rubbers which have self-adhesive 
properties, there is a disadvantage in that unless a fluoride resin coating is coated on the metal mold, then the silicone 
resin adheres to the mold, and satisfactory adhesive properties between the different resins cannot be obtained. 

Because of this, processes for preparing designs of letters, symbols, patterns, and the like on the surface of the 
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silicone rubber have been limited to printing processes using silicone inks. 

Suggestions for such printing processes using the silicone inks are screen printing or printing processes using a 
transfer process as seen in Japanese Kokoku Patent Publication (J P-B) Nos. 60-2323, 1 -35749, 2-271 54, and 4-581 28. 
The problem with the screen printing is that when a number of different colors are used to make the design, 

5 because it is not possible to form layers of color all at the same time, the necessary number of printing steps is the same 
as the number of the necessary colors. Furthermore, as one condition of the design, when a silicone rubber article hav- 
ing a transparent portion is obtained, after the whole of the upper surface of the molded silicon rubber article has been 
coated in a color through which light cannot pass, for example, black, there is a disadvantage in that a transparent por- 
tion must be prepared by removing one portion of the coating layer using, for example, laser light. 

io As to the problems of printing using the silicone inks, because the silicone inks are limited to those with high vis- 
cosities and the number of the available colors is also limited, there is a problem in that basically it is very difficult to 
produce designs having fine lines or many colors. Furthermore, because designs on the surface of the silicone rubber 
are printed whilst protruding, there is a disadvantage in that the printed design peels off easily. Additionally, there is a 
disadvantage in that the silicone ink has poor abrasion strength and letters become scratched whilst in use. Further- 

15 more, silicone rubber easily absorbs oil and so when used for keyboard controls, oil from fingers penetrates Irom the 
key top to the electrically conducting part underneath the keyboard and a problem arises with contact difficulties. 

Furthermore, when transfer-printing silicone ink onto silicone rubber, in addition to the above-mentioned problems, 
because the silicone ink must be printed on top of the transfer plate, when using automatic equipment which installs 
this, extremely large-scale equipment is required, and there is a disadvantage in that the costs become high. Addition- 

20 ally, when the preparation has several tens of thousands or several tens of millions of shots, because an extremely high 
number of transfer plates are necessary, there is a problem in that production efficiency is extremely poor. 

Disclosure of Invention 

25 It is, therefore, an object of the present invention to provide a process of producing a design attached silicone rub- 

ber molded article (i.e. a silicone rubber molded article with a design attached) which process strongly bonds a design 
to a surface of a silicone rubber molded article, a molded article produced by such a process, a transfer material or a 
cover film which is used for such a process, and a molded article (such as an injection molded article, a press or com- 
pression molded article and so on) which is produced using the transfer material or the cover film. 

30 In the first aspect, the present invention provides a process of producing a design attached silicone rubber molded 
article comprising the steps of: 

placing onto a mold a transfer material which comprises a substrate sheet and a design layer which is located on 
at least a portion of one side of the substrate sheet. 
35 supplying an uncured silicone rubber composition into a cavity of the mold on a design layer side and curing the 
composition so that a silicone rubber molded article which is integrated with the transfer material is formed, and 
separating off the substrate sheet from the silicone rubber molded article which is integrated with the transfer mate- 
rial, 

characterized in that at least a portion of the transfer material except the substrate sheet which portion con- 
40 tacts the silicone rubber composition in the mold contains, as a bond accelerating component, at least one com- 
pound selected from the group consisting of alkoxysilanes containing at least one unsaturated bond and 
polyorganohydrogensiloxanes containing at least two hydrogen atoms which bond to the same silicon atom or dif- 
ferent silicon atoms. 

45 In the above process, the separating off step of the substrate sheet in one embodiment may comprise a step of 
opening the mold after curing the silicone rubber composition and taking out the silicone rubber molded article which is 
integrated with the transfer material from the mold, and a step of peeling the substrate sheet off the silicone rubber 
molded article which is integrated with the transfer material so as to obtain the design attached silicone rubber molded 
article. In another embodiment, the separating off step may comprise a step of opening the mold after curing the sili- 

so cone rubber composition and peeling the substrate sheet off the silicone rubber molded article which is integrated with 
the transfer material so that the design attached silicone rubber molded article is left in the mold, and a step of taking 
out the design attached silicone rubber molded article from the mold. In a further embodiment, the above two embodi- 
ments may be combined, that is, the separating off of the substrate sheet may comprise a step of opening the mold after 
curing the silicone rubber composition and taking the silicone rubber molded article which is integrated with the transfer 

55 material out of the mold while peeling off the substrate sheet from the silicone rubber molded article which is integrated 
with the transfer material. 

In the second aspect, the present invention provides a process of producing a design attached silicone rubber 
molded article comprising the steps of: 
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placing onto a mold a cover film which comprises a substrate sheet and a design layer which is located on at least 
a portion of one side of the substrate sheet, and 

supplying an uncured silicone rubber composition into a cavity of the mold on a design layer side and curing the 
composition so that a silicone rubber molded article which is integrated with the cover film is formed, 

characterized in that at least a portion of the cover film except the substrate sheet which portion contacts the 
silicone rubber composition in the mold contains, as a bond accelerating component, at least one compound 
selected from the group consisting of alkoxysilanes containing at least one unsaturated bond and polyorganohydro- 
gensiloxanes containing at least two hydrogen atoms which bond to the same silicon atom or different silicon 
atoms. 



In each of the above processes, the alkoxysilanes which may be used as the bond accelerating component are so- 
called silane-coupling agents each having an unsaturated bond(s) such as an ethylenic bond. Typically but not limited, 
vinyltriethoxysilane (for example commecially available from Toshiba Silicone Co.. Ltd. and Shin-Etsu Chemical Co. as 
TSL831 1 and KBE1003, respectively) is an example of such a silane-coupling agent. For example. vinyltris(2-methox- 

15 yethoxy)silane (for example commecially available from Shin-Etsu Chemical Co. as KBC1003) and 3-methacryloxypro- 
pyl-trimethoxysilane (for example commercially available from Toshiba Silicone Co., Ltd., Shin-Etsu Chemical Co., Ltd, 
and Toray-Dow Corning Silicone Co., Ltd. as TSL8370, KBM503 and SZ6030, respectively) are also preferably used. 
Further, with respect of the polyorganohydrogensiloxane, component b) (including component B)) of the silicone rubber 
composition used in the present invention which will be described below may be used as the bond accelerating agent. 

so An example of the polyorganohydrogensiloxane is methylhydrogensiloxane, which is for example commercially availa- 
ble from Toshiba Silicone Co., Ltd., Shin-Etsu Chemical Co., Ltd, and Toray-Dow Corning Silicone Co., Ltd. as TSF484, 
KF 99 and SH1 107 respectively. 

In any of the production processes, the portion which contains the bond accelerating agent preferably contains it in 
a content in the range from 0.1 to 10 % by weight based on a wight of that portion. 

25 When the molded article is formed in a compression or pressing molding process according to the present inven- 

tion, the compression molding process may comprise the following steps: 



Brief Description of Drawings 

Fig. 1 shows a cross-sectional view of one embodiment of a mold for injection molding with which the production 
process for the silicone rubber molded article with the design attached according to the present invention is carried 
out in which view the mold is closed before a silicone rubber composition is supplied; 

Fig. 2 shows a cross-sectional view of one embodiment of a mold for injection molding with which the production 
process for the silicone rubber molded article with the design attached according to the present invention is carried 
out in which view the silicone rubber composition has been supplied; 

Rg. 3 shows a cross-sectional view of one embodiment of a mold for injection molding with which the production 
process for the silicone rubber molded article with the design attached according to the present invention is carried 
out in which view the mold is opened after curing a silicone rubber composition; 

Fig. 4 shows a cross-sectional view of one embodiment of a mold for injection molding with which the production 
process for the silicone rubber molded article with the design attached according to the present invention is carried 
out in which view the silicone rubber molded article has been removed from the mold; 

Fig. 5 shows a partially cut-away perspective view of one embodiment of a silicone rubber molded article with the 
design attached which can be produced by the process of the present invention; 

Fig. 6 shows a cross-sectional view of one embodiment of a transfer material which is used in the production proc- 
ess for the silicone rubber molded article with the design attached; 

Fig. 7 shows a partially cut-away perspective view of one embodiment of a silicone rubber molded article with the 
design attached which can be produced by the process of the present invention; 

Fig. 8 shows a cross-sectional view of one embodiment of a cover film which is used in the production process for 
the silicone rubber molded article with the design attached; 
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locating a transfer material or a cover film, 
inserting an intermediate plate of a mold. 

supplying an uncured silicone rubber composition in a cavity of the intermediate plate, 

mounting a upper force of the mold, 

compressing at a temperature between 100 and 170 °C, 

removing the mold after curing of the silicone rubber composition, 

removing the upper force, and 

taking out a silicone rubber molded article from the cavity of the intermediate plate. 
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Fig. 9 shows a cross-sectional view of one embodiment of a mold for press (or compression) molding with which 
the production process for the silicone rubber molded article with the design attached according to the present 
invention is carried out in which view the mold is closed before a silicone rubber composition is supplied; 
Fig. 10 shows a cross-sectional view of one embodiment of a mold for compression molding with which the produc- 
£ tion process for the silicone rubber molded article with the design attached according to the present invention is 

carried out in which view the silicone rubber composition has been supplied; 

Fig. 1 1 shows a cross-sectional view of one embodiment of a mold for compression molding with which the produc- 
tion process for the silicone rubber molded article with the design attached according to the present invention is 
carried out in which view the mold is opened after curing a silicone rubber composition; and 
10 Fig. 12 shows a cross-sectional view of one embodiment of a mold for compression molding with which the produc- 
tion process for the silicone rubber molded article with the design attached according to the present invention is 
carried out in which view the silicone rubber molded article has been removed from the mold. 

In the drawings, the numerals therein indicate the following members, respectively: 

15 

1 ; transfer material 

2: movable force of mold for injection molding 

3: movable plate of mold for injection molding 

4: fixed force of mold for injection molding 

20 5: fixed plate of mold for injection molding 

6: clamp for transfer material 

7: push bar for transfer material 

8: ejector pin 

9: ejector plate 

25 10: ejector rod 

11: air bush 

12: uncured silicone rubber composition 

13: silicone rubber molded article 

14: substrate sheet 

30 15: release layer 

16: design layer 

1 7: top force for compression molding 

18: bottom force for compression molding 

19: cover film 

35 

Detailed Description of the Invention 

In the process according to the present invention, placing of the transfer material or the cover film may be carried 
out by locating the transfer material or the cover film so as to align the design layer with the article to be molded. That 

40 is, the transfer material or the cover film is so placed with respect to the mold that a molded article is finally produced 
which has the design bonded to a predetermined portion of the article. This is carried out based on a manner which is 
known to those skilled in the art in the field of molding or printing. For example, the transfer material or the cover film is 
located onto the mold by aligning the transfer material or the cover film with the mold while reading a resister mark on 
the transfer material or the cover film and a resister mark on the mold using appropriate sensors. 

45 As described above, the present invention in the first aspect provides the process for the production of the design 
attached silicone rubber molded article using the transfer material. In one concrete embodiment of the process, the 
transfer material comprises the substrate sheet and the design layer on at least a portion of one side of the support 
sheet, so that the design layer (when the design layer is present on the entire of one side of the substrate sheet), or the 
design layer and a portion of the substrate sheet on which portion the design layer is not present (when the design layer 

so is present on a portion of one side ot the substrate sheet) contact the silicone rubber composition in the mold. In this 
embodiment, at least a portion and preferably the whole of the design layer contains the bond accelerating component. 
For example, when the design layer is formed on the entire of the one side of the substrate sheet, a portion or the whole 
of the design layer may contain the bond accelerating component. For example, when the design layer is formed par- 
tially on one side of the substrate sheet, a portion or the whole of the design layer may contain the bonding accelerating 

55 component. 

In a further embodiment of the process according to the present invention in which the transfer material is used, the 
transfer material may comprise a release layer which is located between the substrate sheet and the design layer. The 
release layer may be formed on the whole or a portion of the substrate sheet. Thus, in one embodiment, the release 
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layer is formed on the entire of the substrate sheet and the design layer is formed on the whole or a portion of the 
release layer. In another embodiment, the release layer is formed on a portion of the substrate sheet, and the design 
layer may be formed on the whole of the release layer or a portion of the release layer and the remaining portion of the 
substrate sheet on which the release layer is not formed may be coated entirely or partially with a design layer (which 

5 may be the same as or different from the design layer on the release layer). In the former embodiment, the whole of the 
design layer and a portion (if any) of the release layer on which portion no design layer is present contact the silicone 
rubber composition in the mold, and in the latter embodiment, the whole of the design layer, a portion of the release 
layer on which the design layer is not present and/or a portion (if any) of the substrate sheet on which neither the design 
layer nor the release layer is present contact the silicone rubber composition in the mold. Any combination of the layers 

io and portions thereof which contact the silicone rubber composition in the mold or any one of such layers and portions 
thereof alone may contain the bond accelerating component. Usually, the design layer and/or the release layer or por- 
tions thereof which contact the silicone rubber composition in the mold contain the bond accelerating component. 

It is noted that the release layer is intended to mean a layer which is separated from the substrate sheet and finally 
bonds to and remains on the silicone rubber molded article together with the design layer when the silicone rubber 

15 molded article is formed. 

In a further embodiment of the process according to the present invention in which the transfer material is used, the 
transfer material may comprise an adhesion layer on at least a portion of the design layer, or on at least a portion of the 
design layer and at least a portion of the release layer on which the design layer is not present; the adhesion layer, or 
the adhesion layer and a portion of the design layer on which the adhesion layer is not present and/or a portion of the 

20 release layer on which neither the adhesion layer nor the design layer is present contact the silicone rubber material 
composition in the mold; and at least a portion of the adhesion layer, or at least a portion of the adhesion layer and at 
least of a portion of the portion of the design layer on which the adhesion layer is not present and/or at least a portion 
of the portion of the release layer on which neither the adhesion layer nor the design layer is present contain the bond 
accelerating component. That is, the transfer material may additionally contain the adhesion layer in this embodiment. 

25 The adhesion layer may be one which is conventionally used so as to attach a design to a silicone rubber molded arti- 
cle, and which makes bonding possible between a design layer and a silicone rubber molded article. For example, a 
primer (for example. XP82-B0016 Primer produced by Toshiba Silicone Co.. Ltd.) may be used for the adhesion layer, 
and Japanese Patent Kokai Publication (JP-A) No. 8-294938 describes the adhesion layer and the disclosure of the Pat- 
ent Publication constitutes a part of the description of the present description by the reference, provided that it is not 

30 opposed to the object of the present invention. 

In this embodiment, the adhesion layer forms at least a portion of the outermost surface of the transfer material 
which surface is remote from the substrate sheet, and contacts the uncured silicone rubber composition in the mold. 
The adhesion layer may be present on a portion or the entire of the design layer, and when a portion of the release layer 
which portion has no design layer thereon is present, the adhesion layer may be present on a portion or the entire of 

35 such a release layer portion, and/or when a portion of the substrate sheet which portion has neither design layer nor 
the release layer thereon is present, the adhesion layer may be present on a portion or the entire of such a substrate 
sheet portion. 

As described above, the present invention in the second aspect provides the process for the production of the 
design attached silicone rubber molded material using the cover film. In one concrete embodiment of the process, the 

40 cover film comprises the substrate sheet and the design layer on at least a portion of one side of the substrate sheet, 
so that the design layer (when the design layer is on the entire of the substrate sheet), or the design layer and a portion 
of the substrate sheet on which portion the design layer is not present (when the design layer is present on a portion of 
one side of the substrate sheet) contact the silicone rubber composition in the mold; and at least a portion of the design 
layer contains the bond accelerating component. Thus, the entire of the design layer may contain the bond accelerating 

45 component. 

In another embodiment of the process for the production of the design attached silicone rubber molded material 
using the cover film, the cover film comprises an adhesion layer on the outermost surface of a design layer side of the 
cover film, and the adhesion layer forms a portion or the entire of the outermost surface of one side of the cover film. 
When the adhesion layer forms the entire of the outermost surface, only the adhesion layer contacts the silicone rubber 
so material composition upon the molding, and thus at least a portion of such an adhesion layer contains the bond accel- 
erating component. When the adhesion layer forms a portion of the outermost surface, the adhesion layer and a portion 
of the design layer on which portion the adhesion layer is not present and/or a portion (if any) of the substrate sheet on 
which portion neither the adhesion layer nor the design layer is present contact the silicone rubber material composition 
upon the molding, and thus any combination of these layers or portions thereof or any one of such layers and portions 
55 thereof alone may contain the bond accelerating component. 

In one embodiment of the present invention, the uncured silicone rubber composition which is used for the silicone 
rubber molded article according to the present invention may be a liquid silicone rubber composition of an addition reac- 
tion type, and which may comprise 
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component a): a polyorganosiloxane having at least two alkenyl groups per one molecule, 

component b): a polyorganohydrogensiloxane having at least two hydrogen atoms per one molecule which bond to 
the same silicon atom or different silicon atoms, and 
component c): a platinum compound. 

5 

Preferably, at least one of the number of the alkenyl group per one molecule of component a) and the number of 
the hydrogen atom which bonds to a silicon atom(s) per one molecule of component b) is preferably 3 or more on aver- 
age. Such a silicone rubber composition is a known composition, and silicone rubber compositions described in Japa- 
nese Patent Kokoku Publication (JP-B) Nos. 51 -28308, 52-39854 and 59-50256 and Japanese Patent Kokai Publication 

io (JP-A) Nos. 54-53164, 8-99332 and 8-1 18417 may be used in the present invention. The disclosures of these publica- 
tions constitute parts of the description of the present invention by the references, provided that they are not opposed 
to the object ol the present invention. It is noted that the polyorganohydrogensiloxane of component b) may be the same 
as the bond accelerating component and vice versa. 

In the third and the fourth aspects, the present invention provides the transfer material and the cover film respec- 

15 tively each of which can be used for the process of producing the design attached silicone rubber molded article accord- 
ing to the present invention as described above. Any matter which is referred to throughout this description so as to 
explain the present invention including the production processes as the above and below, and in particular the layered 
structures of the transfer material and the cover film and materials used are relevant to the transfer material and the 
cover film of the present invention, provided that such a matter does not opposed to the object of the transfer material 

20 and the cover film of the present invention. 

Also, in the fifth and the sixth aspects, the present invention provides the design attached silicone rubber molded 
articles respectively each of which is produced by the process for the design attached silicone rubber molded article 
according to the present invention as described above. Any matter which is referred to throughout this description so as 
to explain the present invention including the production processes for the above and below, and in particular the lay- 

25 ered structures of the transfer material and the cover film and materials used are relevant to the design attached sili- 
cone rubber molded articles of the present invention, provided that such a matter does not opposed to the object of the 
molded articles the present invention. 

Further, in the seventh and the eighth aspects, the present invention provides the design attached silicone rubber 
molded articles respectively each of which can be produced by the use of the transfer material or the cover film accord- 

30 ing to the present invention as described above. Any matter which is referred to throughout this description so as to 
explain the present invention including the production processes as the above and below, and in particular the layered 
structures of the transfer material and the cover film and materials used are relevant to the design attached silicone rub- 
ber molded articles of the present invention, provided that such a matter does not opposed to the object of the molded 
articles of the present invention. 

35 Embodiments of the production processes of the present invention will be hereinafter explained in detail with refer- 
ence to the accompanied drawings, and such explanations are also applicable to the transfer material and the cover film 
and the molded articles of the present invention. 

Firstly, the process for the production of the design attached silicone rubber article is explained wherein the transfer 
material is used. 

40 For example, the transfer material 1 as shown in Fig. 6 is used. The material 1 comprises the release layer 15 on 

one side of the substrate sheet 14, and the design layer 16 is formed on the release layer 15. As described in the above, 
the design layer 16 may be formed on the entire of the release layer 15 (contrary to the shown embodiment). The 
release layer 15 may be formed on a portion of the substrate sheet 14 (contrary to the shown embodiment). That is, the 
release layer 15 and the design layer 16 may be present partially or entirely on the substrate sheet 14, and any combi- 

45 nation of the partial presence and the entire presence is possible. 

When the silicone rubber molded article is formed using such a transfer material 1, the design layer 16 and the 
exposed portion of the release layer 15 contact the silicone rubber composition in the mold. Therefore, the entire or a 
portion of the design layer 16 may contain the bond accelerating component, and/or the entire or a portion of the 
exposed release layer 15 may contain the bond accelerating component- It is of course no problem that a portion of the 

so release layer 15 which portion is not exposed contains the bond accelerating component. 

Although not shown, the transfer material 1 may have an adhesion layer (not shown) on a portion or the entire of 
the exposed release layer portion and/or the design layer 16. In this embodiment, when the adhesion layer is present 
entirely on one side of the transfer material, only the adhesion layer contacts the silicone rubber composition in the mold 
upon the molding, so that a portion or the entire of the adhesion layer contains the bond accelerating component. When 

55 the adhesion layer is partially present, since not only the adhesion layer but also the design layer 1 6 or a portion thereof 
and/or the exposed release layer 1 5 or a portion thereof contact the silicone rubber composition in the mold, any com- 
bination of these layers or portions thereof or any one of the layers and the portions alone may contain the bond accel- 
erating component. 
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The substrate sheet 14 is a sheet which supports the design layer 16. and which is separated off from the molded 
article after the molding. The substrate sheet 14 may comprise the release layer, the adhesion layer and/or a parting 
layer (which will be explained below) in addition to the design layer 16. For the substrate sheet 14, any material may be 
used which is used for a substrate sheet of a transfer material used for conventional molding. For example, the following 
material may be used: a resin sheet (such as a polyphenylene sulfide resin, a polycarbonate resin, a polypropylene 
resin, a polyethylene resin, a polyamide resin, a polyester resin, an acrylic resin, a polyvinyl chloride resin, and a pol- 
yarytate resin sheet), a metal foil (such as an aluminum foil and a copper foil), a cellulose sheet (such as glassine paper, 
coated paper and cellophane), or a laminate sheet of any two or more thereof. A thickness of the substrate sheet 14 is 
preferably in the range between 10 and 100 nm, and particularly in the range between 38 and 75 \im. 

In order that the substrate sheet 14 is peeled off from the transfer material 1 after molding so that the design layer 
16 is separated from the substrate sheet 14, the release layer 15 may be optionally formed partially or entirely on the 
substrate sheet 14. The release layer 15 is attached to the molded article by molding, and finally constitutes the outer- 
most surface of the molded article 1 3 so that it can protect the design layer. If the design layer 16 is easily separated 
from the substrate sheet even when the release layer 15 is absent, the release layer 15 may be eliminated. 

When the substrate sheet 14 is not so easily peeled off from the release layer 15, a parting layer may be provided 
between the substrate sheet 1 4 and the release layer 1 5, and the parting layer behaves together with the substrate 
sheet 14 upon molding. That is, the parting layer is finally not left on the molded article. The release layer 15 is a layer 
which is peeled off from the substrate sheet 14 (or from the parting layer if any) before, after or during the removal of 
the molded article from the mold after curing. The release layer 15 becomes the outermost surface of the silicone rub- 
ber molded article 13 when the substrate sheet 14 is peeled off. It is noted that when release occurs inside the release 
layer 1 5 itself, a surface formed by such release becomes the outermost surface. Also, when release occurs inside the 
parting layer itself, a surface formed by such release becomes the outermost surface of the silicone rubber molded arti- 
cle 13. 

A material for the release layer 15 may be for example an acrylic resin, a polyester resin, a polyvinyl chloride resin, 
a cellulose resin, a rubber base resin, a polyurethane resin, a polyvinyl acetate resin, and so on A copolymer such as 
a vinyl chloride/vinyl acetate copolymer resin and an ethylene/vinyl acetate copolymer resin may be used. The release 
layer 15 may be colored or uncolored. As a method for the formation of the release layer 15. for example a printing 
method (such as gravure printing and screen printing) or a coating method (such as gravure coating, roll coating and 
spray coating) may be used. 

The design layer 16 may be formed on the substrate sheet 14 when no release layer is present, or on the release 
layer 15 when present and/or the exposed portion of the substrate sheet 14. There is no specific limitation as to where 
the design layer 16 is formed, and the design layer may be partially or entirely formed on one side of the transfer mate- 
rial. The design layer 16 may have any appropriate design. 

As a material for the design layer 1 6. a colored ink may be used which comprises a resin (such as a polyvinyl resin, 
a polyamide resin, a polyester resin, an acrylic resin, a polyurethane resin, a polyvinyl acetal resin, a polyester-urethane 
resin, a cellulose ester resin and an alkyd resin) as a binder and a pigment or a dye having an appropriate color as a 
coloring agent. Particularly, the ink preferably contains the polyurethane resin. As a method for the formation of the 
design layer 1 6, for example a printing method (such as gravure printing and screen printing) or a coating method (such 
as gravure coating, roll coating and spray coating) may be used. Particularly, when multi-color printing and or gradation 
printing is used, offset printing or gravure printing is suitable. 

When the design layer contacts the silicone rubber composition in the mold, at least a portion and preferably the 
entire of the design layer 16 may contain the bond accelerating component so that the design layer 16 strongly attaches 
to the surface of the silicone rubber molded article. A content of the bond accelerating component may be in the range 
between 0.1 and 10 % by weight and preferably between 0.5 and 5 % by weight based on the design layer 16 (when 
the entire of the design layer contains the component) or on a portion of the design layer (when such a portion contains 
the component). When the content is smaller than 0. 1 % by weight, bond strength between the design layer 1 6 and the 
silicone rubber may be insufficient. When the content is larger than 10 % by weight, abrasion resistance of the design 
layer 16 may be insufficient. 

When the design layer 1 6 is formed partially in the transfer material so that the release layer 1 5 is partially exposed, 
and the design layer 1 6 and the release layer 1 5 contact the silicone rubber composition in the mold, the bond acceler- 
ating component is preferably contained in the design layer 16 and the release layer 15 so as to strongly bond the 
design layer 1 6 and the release layer 1 5 to the silicone rubber surface. If an area of the design layer is relatively smaller 
than that of the exposed release layer, only the release layer 1 5 may contain the bond accelerating component. A con- 
tent of the bond accelerating component in the release layer or a portion thereof which contains the component may be 
the same as that regarding the design layer as described above. That is, the content of the component may be in the 
range between 0.1 and 10 % by weight and preferably between 0.5 and 5 % by weight based on the release layer 15 
or on a portion of the release layer which portion contains the component. When the content is smaller than 0.1 % by 
weight, bond strength between the release layer 15 and the silicone rubber may be insufficient. When the content is 
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larger than 10 % by weight, abrasion resistance of the release layer 15 may be insufficient. 

Further, the adhesion layer (not shown) may be provided which forms the outermost surface on the design layer 
side of the substrate sheet. The adhesion layer is a layer which functions to bond the design layer 16 and/or the release 
layer 15 to the silicone rubber molded article 13. For the adhesion layer, a pressure sensitive resin or a heat sensitive 

5 resin may be properly used. For example, the following may be used: an organic solution of a titanic acid ester, a carbon 
functionalized silane or a mixture thereof, a polyurethane resin, a polyester resin, an ethylene/vinyl acetate copolymer 
resin, a polyvinyl chloride resin, an acrylic resin, a butyral resin and an acetal resin which may contain a silane com- 
pound such as an alkoxysilane and a chlorosilane. 

In order to accelerate the bond between the adhesion layer and the silicone rubber molded article, the adhesion 

w layer may contain the bond accelerating component when the transfer layer has the adhesion layer. An amount of the 
bond accelerating component in the adhesion layer or a portion thereof which contains the component may be the 
same as that regarding the design layer 16 as described above. That is, the content of the component may be in the 
range between 0.1 and 10 % by weight and preferably between 0.5 and 5 % by weight based on the adhesion layer 16 
or on a portion of the adhesion layer which portion contains the component. When the content is smaller than 0. 1 % by 

>5 weight, bond strength between the adhesion layer and the silicone rubber may be insufficient. When the content is 
larger than 10 % by weight, abrasion resistance of the adhesion layer may be insufficient. As a method for the formation 
of the adhesion layer, for example a printing method (such as gravure printing and screen printing) or a coating method 
(such as gravure coating, roll coating and spray coating) may be used. In the case wherein the adhesion layer is 
present, when the adhesion layer is present on the entire of the design layer side of the transfer material and both or 

20 either the design layer 16 and/or the release layer 15 is not exposed at all, or when an area of an exposed portion of 
the design layer 1 6 and/or the release layer 1 5 is small, it may be sufficient that only the adhesion layer contains the 
bond accelerating component. To the contrary, when an area of the adhesion layer is small relative to an area of other 
exposed potion(s), and such an exposed portion can have a sufficient adhesion function by containing the bond accel- 
erating component, the adhesion layer does not necessarily contain the bond accelerating component. 

25 The transfer material 1 as described above is located between forces of the mold which has been temperature con- 
trolled (see Figs. 1 and 9). As the mold, those for injection molding, silicone rubber molding (for example a mold for a 
liquid injection molding), press or compression molding, molding simultaneously with transferring and so on may be 
used The mold may be made of a rubber or a plastic in place of a metal if possible. 

In order to control a mold temperature, a manner in which water or oil is conventionally used as a heating medium, 

so a manner in which a cartridge heater is used or combination thereof may be used. The temperature control of the mold 
is so carried out that a portion or the entire of the mold surface is kept at a predetermined temperature in the range of 
60-220 °C and preferably 80-200 °C. 

The transfer material 1 may be in the form of a leaf sheet or an elongated continuous sheet (as shown in the draw- 
ings) When the transfer material 1 is located and fixed at a predetermined state in the mold, the leaf sheet may be sup- 

35 plied to the mold piece by piece. When the transfer material 1 is in the form of the continuous sheet, a necessary part 
of the material is supplied to into the mold intermittently. For example, when the transfer material 1 is in the continuous 
sheet, a register mark of the design layer 16 of the transfer material 1 and another resister mark on the mold may be 
aligned with each other. When the transfer material 1 is supplied intermittently, a position of the transfer material 1 is 
detected using a sensor and then the material 1 is fixed by a movable force 2 and a fixed force 4, which manner allows 

40 the transfer material 1 to be fixed always at the same position and no positional deviation of the design layer 16 is con- 
veniently avoided. 

The transfer material may be placed in the cavity of the mold or it may be closely contacted with a cavity inner sur- 
face of the mold by means of vacuum. The transfer material 1 may be preformed so as to have a concave and/or a con- 
vex portions which correspond to those of the cavity inner surface. 
45 Then, the uncured silicone rubber composition 12 is supplied into and fill the cavity of the mold (see Figs. 2 and 

1 0). The silicone rubber composition is supplied onto the design layer 16 side of the transfer material 1 . 

As to the silicone rubber composition, any conventionally used silicone rubber composition such as those 
described above with reference to the Patent Publications may be used. 

An example of the silicone rubber composition which may be used is a liquid silicone rubber composition of the 
so addition reaction type as described above which comprises components a), b) and c). In order to form a molecular 
structure in the form of network by the reaction of components a) and b), at least one of the number of the alkenyl group 
per one molecule of component a) and the number of the hydrogen atom which bonds to a silicon atom(s) per one mol- 
ecule of component b), and preferably the latter number is not less than 3 (including 3). and more preferably not less 
than 4 on average, which provides with good curing properties more suitable for molding and an improved rubbery elas- 
55 tic article as well as improves the bond strength to the design layer and so on. 

As to component a), the following are relevant: The alkenyl group may be vinyl, allyl, 1-butenyl, 1-hexyenyl group 
and so on. From view points of synthesis ease, fluidity before curing and less damage on heat resistance after curing 
of the composition, vinyl group is the most preferable. Other organic group which bonds to a silicon atom of component 
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a) may be an alkyl group such as a methyl, ethyl, propyl, butyl, pentyl, hexyl, octyl, decyl and dodecyl group; an aryl 
group such as a phenyl group; an aralkyl group such as 2-phenylethyl and 2-phenylpropyl group; and a substituted 
hydrocarbon group such as a chloromethyl, chlorophenyl and 3.3,3-trifluoropropyl group. Among them, a methyl group 
is the most preferable as the organic group from a view point of property balance of mechanical strength, fluidity before 
5 curing and so on. 

A siloxane structure (or skeleton) of component a) may be linear or branched. In order to improve mechanical prop- 
erties after curing of the composition and also to adapt to molding which produces an article having a complicated 
shape, a linear polyorganosiloxane and a branched polyorganosiloxane are used preferably in a mixture thereof. The 
alkenyl group may be present either/both at an end or/and on a side of a polysiloxane chain. In order to give improved 
10 mechanical properties after curing of the composition, the alkenyl group may be preferably present at least at the both 
ends of the chain when the polyorganosiloxane is linear. 

Although a polymerization degree of component a) is not particularly limited, the component a) has a viscosity of 
preferably 500 to 500000 cP and more preferably 1000 to 100000 cP at a temperature of 25 "C so as to have good flu- 
idity and workability before curing of the composition and appropriate elasticity after curing of the composition. 
is The polyorganohydrogensiloxane of component b) functions as a curing agent which carries out the addition reac- 

tion of a hydrosilyl group (~Si-H) contained therein to the alkenyl group (~Si-CH=CH 2 ) of component a). A siloxane 
structure of component b) may be linear, branched or cyclic. An organic group which bonds to a silica atom of a siloxane 
unit may be the same as that of the other organic group of component a) except the alkenyl group. Among them, a 
methyl group is the most preferable because of ease of synthesis. 
so A polymerization degree of component b) is not particularly limited. Since it is difficult to synthesize a polyorgano- 

hydrogensiloxane which contains two or more hydrogen atoms which bond to the same silicon atom, the polyorgano- 
hydrogensiloxane preferably has at least three siloxane units so as to obtain a molded article having improved 
properties by the formation of network structure by means of curing. 

Component b) may be so blended with component a) that the number of a hydrogen atom which bonds to a silicone 
25 atom of component b) per one alkenyl group of component a) is preferably in the range between 0.5 and 5 and more 
preferably in the range between 1 and 3. When the number of the hydrogen atom is less than 0.5. curing is not com- 
pleted When the number is greater than 5, not only compression set of the molded article is increased but also foaming 
is likely to occur during curing so that the molded article may have less good surface conditions. 

When the silicone rubber composition 12 contains component a) as described above and a layer or a portion 
30 thereof which contacts the silicone rubber composition 12 in the mold contains the polyorganohydrogensiloxane con- 
taining at least two hydrogen atoms which bond to the same or different silicon atoms per one molecule, the polyorga- 
nosiloxane of the silicone rubber composition 12 and the polyorganohydrogensiloxane contained in the layer or the 
portion thereof which contacts the silicone rubber composition 1 2 react with each other and function as a primer so that 
the layer which contacts the silicone rubber composition 12 is strongly bonded onto the silicone rubber molded article 



The platinum compound of component c) is catalyst which promotes the addition reaction of the alkenyl group of 
component a) to the hydrosilyl group of component b), and is effective in that it has a good catalyst ability to cure par- 
ticularly at a normal temperature. As the platinum compound, the following may be used: platinum black, chloroplatinic 
acid, a reaction product of chloroplatinic acid and an alcohol (such as 2-propanol) (i.e. an alcohol modified product), a 
complex of chloroplatinic acid with an olefin, an aldehyde, a vinylsiloxane or an acetylenic alcohol, a platinum-olefin 
complex, a platinum-vinylsiloxane complex, and a platinum-phosphine complex. From view points of solubility of com- 
ponent a) into component b) and good catalyst activity, the reaction product of chloroplatinic acid and the alcohol (such 
as 2-propanol) and the platinum-vinylsiloxane complex are particularly preferable. 

A content of component c) is in the range between 0.1 and 500 ppm, and preferably between 1 and 100 ppm by 
weight of platinum atom based on component a). When the content is less than 0.1 ppm by weight, a curing rate is slow 
so that a cycle period of the molding may be ineffectively extended. On the other hand, when the amount is greater than 
500 ppm by weight, the curing rate is excessively fast, workability of the composition after blending components thereof 
is adversely affected, which is not economical. 

In order to adjust fluidity of such a liquid silicone rubber composition comprising components a), b) and c) and also 
to improve mechanical properties of the silicone rubber molded article 1 3. the composition may usually comprise a filler. 
As the filler, there are for example a reinforcing filler such as precipitated silica, fumed silica, calcined silica, silica aero- 
gel, and fumed titanium oxide; and a non-reinforcing filler such as ground quartz, diatom earth, aluminosilicate, zinc 
oxide, iron oxide and calcium carbonate. The filler may be used as it is or its surface may be treated with an organic 
silicon compound such as hexamethylsilazane or a polymethylsiloxane. Also, in order to suppress curing of the silicone 
rubber composition 12 at a room temperature so that its storage stability and workability are improved, the composition 
may comprise a curing retardant such as an acetylenic alcohol compound, a low molecular weight siloxane compound 
containing a vinyl group, a dially maleate, trially isocyanurate, a nitrile compound or an organic peroxide. When the sil- 
icone rubber composition contains silica, particularly finely divided silica, its specific surface area is preferably not 
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smaller than 50 m 2 /g, and its amount is preferably 5 to 60 parts by weight per 1 00 parts by weight of component a). The 
silica having a specific surface area not smaller than 50 m 2 /g further reinforces the silicone rubber. When the specific 
area is smaller than 50 m 2 /g, sufficient reinforcement may not be provided for the silicone rubber. As an example of 
such silica, Aerosil 130, 200, 300 and R-972 (produced by NIPPON AEROSIL Co., Ltd.) may be used. 

5 Further, the silicone rubber may contain a coloring agent such as an inorganic pigment and an organic dye, a heat 

resistant improving agent such as cerium oxide, zinc carbonate, manganese carbonate, red ocher, titanium oxide and 
carbon black, and a flame retardant. 

From view points of good molding properties with being transferred, a large curing rate by means of heating, and 
good uniformity of curing, the silicone rubber composition used in the present invention is suitably of the addition reac- 

10 tion type or a curing type with an organic peroxide, but is not limited thereto. For example, a silicone rubber composition 
may be of a curing type of a condensation reaction at a room temperature. 

It is to be noted that components a) and b) may be more concretely expressed as following components A) and B), 
respectively: 

is A) a polyorganosiloxane which contains at least one siloxane unit of: R 1 a R 2 b SiO[ 4 .( a+b) ]/2 (wherein R 1 is an alkeny 

group, R 2 is a substituted or non-substituted mono valent hydrocarbon group without an aliphatic unsaturated bond, 
a is an integer from 1 and 3, b is an integer from 0 to 2, and a+b is an integer from 1 to 3) and which also contains 
at least two R 1 ; and 

B) a polyorganohydrogensiloxane which contains at least one siloxane unit of: R 3 c H d SiO (4 .( C+<1 )j / 2 (wherein R3 is a 
so substituted or non-substituted mono valent hydrocarbon group, c is an integer from 0 and 2, d is an integer from 1 

to 3, and C4d is an integer from 1 to 3). 

It is noted that when cold temperature resistance is further necessary after curing of the composition, a small 
amount of a phenyl group may be added as R 2 in component a), and/or when oil resistance is further necessary after 
25 curing of the composition, a small amount of a 3,3.3-trifluoropropyl group may be added as R 2 in component a) 

When the silicone rubber component of the addition reaction type is practically used according to the present inven- 
tion and a curing period is to be adjusted, a curing reaction controlling agent may be selected from the following and 
used: a vinyl group containing organopolysiloxane such as vinylcyclotetrasiloxane, triallyl isocyanate, an alkyl maleate, 
an acetylenic alcohol and its modified product with a silane or a siloxane; a hyrdoperoxide; tetramethylethylenediamine; 
30 benzotriazole; and a mixture thereof. 

The silicone rubber composition 12 as described above is supplied into the mold and fill the cavity thereof, and then 
the composition is cured to form the molded article 13 simultaneously with bonding the transfer layer including the 
design layer 16 of the transfer material 1 to the surface of the article. 

Curing of the silicone rubber composition proceeds at a normal temperature, but curing is carried out at a prede- 
35 termined temperature which is below a melting point of the transfer material 1 and which is preferably between 60 and 
220 °C, and more preferably between 80 and 200 °C. When the curing temperature is below 60 °C, curing takes a long 
time. When the curing temperature is above 220 °C, scorch may occur. Further, when the curing temperature is above 
the melting point of the transfer material 1, the substrate sheet 14, the design layer 16 and so on which constitute the 
transfer material 1 are melted, which is not desirable. It is noted that if heating period is short, the transfer material 1 is 
40 not melted even when the heating temperature is above the melting point. 

Finally, the mold is opened (see Figs. 3 and 11) after curing of the silicone rubber composition 12, and the molded 
article 13 with the design attached is removed from the mold (see Figs. 4 and 12). It is noted that the transfer material 
1 may be elongated and the removal of the transfer material 1 and the silicone rubber molded article 13 from the mold 
may be carried out continuously. 
45 Next, the production process of the silicon rubber molded article with the design attached using the cover film 19 

will be explained below. 

The cover film 19 which is used according to the present invention comprises the design layer 16 which is formed 
on one side of the substrate sheet 14 (see Fig. 8). In the shown embodiment, the design layer 16 is formed partially on 
the substrate sheet 14, but it may be formed on the entire of the one side of the substrate sheet 14. 
so As a material for the substrate sheet 14, cloth, natural leather, synthetic leather and paper may be used in addition 
to those for the transfer material as described above. A thickness of the substrate sheet 14 is preferably in the range 
between about 10 jim and 1 .0 mm. In particular, the thickness is frequently in the range between about 25 jim and 200 
(irri- 

The substrate sheet 14 may be transparent with or without a color, or may be opaque. A material containing an 
55 appropriate pigment or dye as a coloring agent may be used for a colored substrate sheet 14. 

As a material for the design layer 16, the material which is the same as those for the design layer of the transfer 
material may be used. The formation manner of the design layer of the cover film may be the same as those in the case 
of the transfer material. 
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In order to strongly bond such a design layer 1 6 to the surface of the silicone rubber molded article, the design layer 
1 6 or a portion thereof contains the bond accelerating component, of which content in the design layer 16 or the portion 
thereof may be the same as that in the case of the transfer material 1 . 

Also, as in the case of the transfer material, the adhesion layer (not shown) may be optionally provided. The adhe- 
5 sion layer may be formed as in the case of the transfer material 1 . It is noted as in the case of the transfer material that 
when the adhesion layer constitutes most and preferably substantially all of the outermost surface of one side of the 
cover film, the design layer 1 6 does not necessarily contain the bond accelerating component. 

Using the cover film 19 as described above, the silicone rubber molded article is produced. This production of the 
molded article may be the same as the production of the molded article using the transfer material described above 
10 except that the transfer material is replaced with the cover film. 

In the silicone rubber molded article produced according to the present process, since the design layer strongly 
bonds to the silicone rubber molded article with the design attached, for example the article is extremely useful for a 
keyboard in addition to for gasket or packing. 

It is noted that dimensions of the members (such as various layers) which constitute the transfer material and the 
15 cover film are not particularly limited but easily determined by those skilled in the art depending on their applications, 
and that "partially (partial)" and "entirely (entire, whole)" are used in the description with respect to one side of a mem- 
ber in question. 

Effect of the Invention 

20 

The design is strongly bonded to the surface of the silicone rubber molded article according to the present invention 
by blending the polyorganohydrogensiloxane having at least two hydrogens which bonds to a silicon atom or silicon 
atoms or the alkoxysilane having an unsaturated bond such as vinyltriethoxysilane in the layer of the transfer material 
or the cover film which layer is in contact with the silicone rubber composition when molding. 

25 

Examples 

The present invention will be hereinafter described in detail by way of examples, to which the present invention is 
not limited. 

30 

Example 1 

An "ALLROUNDER 320 M/H/D 750-2 10" made by ARBURG Co., Ltd. was used as the injection molding machine 
for use with liquid silicone rubber composition, and the installed metal mold was heated to 140 °C by a heating controller 

35 and a 2KM-900 made by DOPAG Co., Ltd. was used as the pump which supplied the liquid silicon rubber composition 
to the injection molding apparatus. Also, TLM1405 made by Toshiba Silicone Co., Ltd. was used as the liquid silicone 
rubber composition of the addition reaction type. 

A transfer material was prepared by forming on a substrate sheet made from 25 jim thick polyethylenephthalate film 
a release layer made from a methacrylate type resin, and a design layer made from an urethane-polyester copolymer 

40 resin containing one percent by weight of methylhydrogensiloxane as a polyorganohydrogensiloxane (TSF484, manu- 
factured by Toshiba Silicone Co., Ltd) and containing 5 colors of pigment (red. blue, yellow, white, blacky This transfer 
material was affixed in position in the metal mold. 

Then, the mold was closed (see Fig. 1), and under the conditions given below the uncured silicone rubber compo- 
sition was injected into the cavity inside the metal mold (see Fig. 2), and after the silicone rubber composition had 

45 cured, the metal mold was opened and a molded silicone rubber article with the transfer material firmly affixed was 
taken out of the metal mold. At this time, at the same time as the molded silicone rubber article was pushed out with the 
ejector pin (see Fig. 3), the transfer material was pulled out of the cavity (see Fig. 4). 

Conditions: 

50 

Injection Pressure 
Injection Time 
Time Pressure Maintained 
Curing Time 
55 Overall Molding Time 
Metal Mold Temperature 
Mold Closing Pressure 
Cylinder Temperature 



20 kgf/cm 2 
10 sec 
5 sec 
35 sec 
60 sec 
150°C 
30 1 
15°C 
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Finally, when the substrate sheet of the transfer material was peeled off, a molded silicone rubber article with a 
design attached was obtained (see Fig. 5). 

By the above example, it was clarified that a molded silicone rubber article with a design attached can easily be 
removed from a metal mold. Also, the silicone rubber article after the substrate sheet has been peeled off did not have 
s any burr. 

Comparative Example 1 

Apart from the omission of methylhydrogensiloxane oil in the formulation for the design layer, this comparative 
w example was conducted in the same manner as Example 1 , and the uncured silicone rubber composition was injected 
into the cavity inside the metal mold, and after the silicone rubber composition had cured, the metal mold was opened 
and a silicone rubber molded article with the transfer material firmly affixed was taken out of the metal mold. At this time, 
at the same time as the molded silicone rubber article was pushed out with the ejector pin, the transfer material was 
pulled out of the cavity. 

15 Finally, when the substrate sheet of the transfer material was peeled off, the design layer remained attached to the 

substrate sheet and the design layer was not transferred onto the surface of the silicone rubber. 

Comparative Example 2 

20 This comparative example was conducted in the same manner as Example 1 except that no transfer material was 

used and the uncured silicone rubber composition was injected into the cavity in the metal mold and after the molded 
silicone rubber article had been obtained, screen printing on the surface of the molded silicone rubber article by means 
of an addition reaction type silicone ink was conducted and the silicone ink was additionally heated to cure it and form 
a design The design made by the silicone ink was not firmly affixed to the molded silicon rubber article and peeled off. 

25 

Example 2 

A press molding equipment was used, and the installed metal mold was heated to 130 °C with heating controller, 
and the silicone rubber composition used was a formulation in which 0.5 % by weight of an organic peroxide curing 
30 agent (TC-8. Toshiba Silicone Co., Ltd.) was contained in a millable silicone rubber composition (TSE221-5U, Toshiba 
Silicone Co.. Ltd.). 

A transfer material was prepared by forming on a basic sheet made from 25 urn thick polyethylenephthalate film a 
release layer made from a methacrylate resin, a design layer made from an urethane-polyester copolymer resin formu- 
lated with 1 % by weight of vinyltriethoxysilane (TLM831 1 , manufactured by Toshiba Silicone Co.. Ltd) and containing 
35 5 colors of pigment (red, blue, yellow, white, black). The transfer material was affixed in position in the metal mold (see 
Fig. 9). 

Then, the mold was closed with the silicone rubber placed inside the metal mold, and under the conditions given 
below it was compression molded (see Fig. 1 0) and after the silicone rubber composition had cured the metal mold was 
opened (see Fig. 1 1 ), and a shaped silicone rubber article with the transfer material firmly affixed was taken out of the 
40 metal mold (see Fig. 12). 

Conditions 

Metal Mold Temperature 130 °C 
45 Curing Time 300 sec 

Finally, when the substrate sheet of the transfer material was peeled off, a molded silicone rubber article with a 
design attached was obtained (see Fig. 5). 

so Comparative Example 3 

This comparative example was conducted in the same manner as Example 2 to form the silicon rubber article 
except that no transfer material was used, and a red pigmented silicone ink was used for screen printing on the surface 
of the molded silicon rubber article and the silicone ink was heated (120°C, 30 sec) to cure it. Then, using the same 
55 printing process, blue, yellow, white and black silicone inks were printed on the silicone rubber article in that order. 

A piece of metal weighing 300 g and wrapped in polyester cloth was slid over the surfaces of each of the molded 
silicone rubber articles with a design attached which were prepared in Examples 1 and 2 and Comparative Example 3, 
and tested to check a number of the sliding cycles when abrasions of the design appeared. The results are shown in 
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Example 1 


Example 2 


Comparative Example 3 


No abrasions after 100,000 cycles 


No abrasions after 100,000 cycles 


Abrasions appear after 5,000 cycles 



Example 3 



A compress molding equipment was used, and the installed metal mold was heated to 1 70 °C with a heating con- 
troller, and the silicone rubber composition used was a formulation in which 0.5 and 2.0 % by weight of addition reaction 
type curing agents XC92-B2428 and XC92-B2429 (both produced by Toshiba Silicone Co.. Ltd.) respectively were con- 
tained in a millable silicone rubber composition (TSE221-5U, Toshiba Silicone Co., Ltd.). 

As the transfer material, a molded transfer material was prepared by forming on a basic sheet made from 25 |im 
thick polyethylenephthalate film a release layer made from a methacrylate type resin, a design layer made from an ure- 
thane-polyester copolymer resin formulated with 1 % by weight of methylhydrogensiloxane as a polyorganohydrogen- 
siloxane (TSF484, manufactured by Toshiba Silicone Co., Ltd.) and containing 5 colors of pigment (red, blue, yellow, 
white, black). The transfer material was affixed in position in the metal mold (see Fig. 9). 

Then, the mold was closed with the silicone rubber composition placed inside the metal mold, and under the con- 
ditions given below it was composition molded (see Fig. 10) and after the silicone rubber composition had cured, the 
metal mold was opened (see Fig. 1 1) and a molded silicone rubber article with the transfer material firmly affixed was 
taken out of the metal mold (see Fig. 12). 

Conditions: 

Metal Mold Temperature 1 70 °C 
Curing Time 300 sec 

Finally, when the substrate sheet of the transfer material was peeled off, a molded silicone rubber article with a 
design attached was obtained (see Fig. 5). 

Comparative Example 4 

Apart from the omission of vinyltriethoxysilane in the formulation for the design layer, the comparative example was 
conducted in the same manner as Example 3, and the uncured silicone rubber composition was injected to fill the cavity 
inside the metal mold, and after the silicone rubber composition had cured the metal mold was opened, and a molded 
silicone rubber article with the transfer material firmly affixed was taken out of the metal mold. 

Finally, when the substrate sheet of the transfer material was peeled off. the design layer remained attached to the 
substrate sheet and the design layer was not transferred onto the surface of the silicon rubber. 

Example 4 

On a basic sheet made from 25 um thick polycarbonate film, a design layer was made from inks each consisting of 
an urethane-vinyl copolymer resin formulated with 2 % by weight of methylhydrogensiloxane as a polyorganohydrogen- 
siloxane, and one of 5 colors of pigment (red, blue, yellow, white, black) by screen printing in turn so that a cover film 
was obtained. 

Then, the cover film was affixed in the metal mold, and the mold closed. The uncured silicone rubber composition 
was injected into the cavity inside the metal mold, and after the silicone rubber composition had cured, the metal mold 
was opened and a molded silicone rubber article with the cover film firmly affixed to the molded silicone rubber article 
was taken out of the metal mold. At this time, at the same time as the molded silicone rubber article was pushed out 
with the ejector pin (see Fig 3), the cover film was pulled out of the cavity and a molded silicone rubber article with a 
design attached was obtained. 

Comparative Example 5 

Apart from the omission of methylhydrogensiloxane from the formulation for the design layer, this comparative 
example was conducted in the same manner as Example 4 and the molded silicone rubber article was made. At the 
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time the molded silicone rubber article was removed from the cavity, when the cover film was pulled away from the cav- 
ity, then the molded silicone rubber article remained in the cavity, and the cover film peeled away from the surface of the 
molded silicone rubber article. 

5 Example 5 

On a substrate sheet made from 40 um thick urethane film, a design layer made from five inks each consisting of 
an urethane resin formulated with 1 % by weight of methylhydrogensiloxane and one of 5 colors of pigment (red, blue, 
yellow, white, black) by screen printing in turn to make a cover film. 

w Then, the cover film was affixed in the metal mold, and the mold closed. The addition reaction type liquid silicone 
rubber composition (TLM1405, Toshiba Silicone Co., Ltd.) was injected using the ALLROUNDER 320M/H/D 750-210 
made by ARBURQ Co., Ltd. and a molded silicone rubber article with a design attached was obtained. 

The molded silicone rubber article with a design attached obtained in this way had the cover film strongly attached 
to the molded silicone rubber article. Also, when measuring the adhesion strength between the cover film and the 

15 molded silicone rubber article, it advantageously was 100 % cohesive failure at 55 kgf/cm 2 as to the article produced 
under the molding time of 120 sec. 

Claims 

20 1 . A process of producing a silicone rubber molded article with a design attached comprising the steps of: 

placing onto a mold a transfer material which comprises a substrate sheet and a design layer which is located 
on at least a portion of one side of the substrate sheet, 

supplying an uncured silicone rubber composition into a cavity of the mold on a design layer side and curing 
25 the composition so that a silicone rubber molded article which is integrated with the transfer material is formed, 

and 

separating off the substrate material from the silicone rubber molded article which is integrated with the trans- 
fer material, 

characterized in that at least a portion of the transfer material except the substrate sheet which portion 
30 contacts the silicone rubber composition in the mold contains, as a bond accelerating component, at least one 

compound selected from the group consisting of alkoxysilanes containing at least one unsaturated bond and 
polyorganohydrogensiloxanes at least two hydrogen atoms which bond to the same silicon atom or different sil- 
icon atoms. 

35 2. The process according to claim 1 wherein the alkoxysilanes include triethoxyvinylsilane, tris(2-methox- 
yethoxy)vinylsilane and 3-methacryloxypropyltrimethoxysilane. 

3. The process according to claim 1 or 2 wherein the separating off step of the substrate sheet comprises the steps of: 

40 opening the mold after curing the silicone rubber composition and taking out the silicone rubber molded article 

which is integrated with the transfer material from the mold, and 

peeling the substrate sheet off the silicone rubber molded article which is integrated with the transfer material 
so as to obtain the silicone rubber molded article with the design attached. 

45 4. The process according to claim 1 or 2 wherein the separating off step of the substrate sheet comprises the steps of: 

opening the mold after curing the silicone rubber composition and peeling the substrate sheet off the silicone 
rubber molded article which is integrated with the transfer material so that the silicone rubber molded article 
with the design attached is left in the mold, and 
so taking out the silicone rubber molded article with the design attached from the mold. 

5. The process according to claim 1 or 2 wherein the separating off step of the substrate sheet comprises the step of 
opening the mold after curing the silicone rubber composition and taking the silicone rubber molded article with the 
design attached while peeling the substrate sheet off the silicone rubber molded article which is integrated with the 

55 transfer material. 

6. The process according to any one of claims 1 to 5 wherein placing of the transfer material is carried out by locating 
the design layer such that it is aligned with the molded article. 
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7. The process according to any one of claims 1 to 6 wherein the design layer, or the design layer and a portion of 
said one side of the substrate sheet on which portion no design layer is present contact the silicone rubber compo- 
sition in the mold, and 

at least a portion of the design layer contains the bond accelerating component. 

5 

8. The process according to any one of claims 1 to 6 wherein the transfer material further comprises a release layer 
located between the substrate sheet and the design layer, 

the design layer, or the design layer and a portion of the release layer on which portion no design layer is 
present contact the silicone rubber composition in the mold, 
10 at least a portion of the design layer and/or a portion of the release layer contain the bond accelerating com- 

ponent, and 

the release layer remains on the silicone rubber molded article together with the design layer when the sub- 
strate sheet is separated off after curing of the silicone rubber composition. 

15 9. The process according to claim 8 wherein the transfer material further comprises an adhesion layer on at least a 
portion of the design layer, or on at least a portion of the design layer and at least a portion of the release layer on 
which portion no design layer is present, 

the adhesion layer, or the adhesion layer and a portion of the design layer on which portion no adhesion 
layer is present and/or a portion of the release layer on which portion neither the adhesion layer nor the design layer 
so is present contact the silicone rubber material in the mold, and 

at least a portion of the adhesion layer, or at least a portion of the adhesion layer and at least a portion of 
the design layer on which portion no adhesion layer is present and/or at least a portion of the release layer on which 
portion neither the adhesion layer nor the design layer is present contain the bond accelerating component. 

25 10. The process according to any one of claims 1 to 9 wherein the uncured silicone rubber composition is a liquid sili- 
cone rubber composition of an addition reaction type, and comprises 

component a): a polyorganosiloxane which contains at least two alkenyl groups per one molecule; 
component b): a polyorganohydrogensiloxane which contains at least two hydrogen atoms per one molecule 
30 which bond to the same silicon atom or different silicon atoms; and 

component c): a platinum compound, and 

preferably at least one of the number of the alkenyl group per one molecule of component a) and the 
number of a hydrogen atom which bonds to a silicon atom(s) per one molecule of component b) is not less than 
3 on average. 

35 

1 1 . The process according to any one of claims 1 to 10 wherein a content of the bond accelerating component is in the 
range between 0.1 and 10 % by weight based on a portion which contains the component. 

12. A process of producing a silicone rubber molded article with a design attached comprising the steps of: 

40 

placing onto a mold a cover film which comprises a substrate sheet and a design layer which is located on at 
least a portion of one side of the substrate sheet, and 

supplying an uncured silicone rubber composition into a cavity of the mold on a design layer side and curing 
the composition so that a silicone rubber molded article which is integrated with the cover film is formed, 
45 characterized in that at least a portion of the cover film except the substrate sheet which portion con- 

tacts with the silicone rubber composition in the mold contains, as a bond accelerating component, at least one 
compound selected from the group consisting of alkoxysilanes containing at least one unsaturated bond and 
polyorganohydrogensiloxanes containing at least two hydrogen atoms which bond to the same silicon atom or 
different silicon atoms. 

50 

13. The process according to claim 12 wherein the alkoxysilanes include triethoxyvinylsilane, tris(2-methox- 
yethoxy)vinylsilane and 3-methacryloxypropyltrimethoxysilane. 

14. The process according to claim 12 or 13 wherein placing of the cover film is carried out by locating the design layer 
55 such that it is aligned with the molded article. 

15. The process according to any one of claims 12 to 14 wherein the design layer, or the design layer and a portion of 
said one side of the substrate sheet on which portion no design layer is present contact the silicone rubber compo- 
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sition in the mold, and 

at least a portion of the design layer contains the bond accelerating component. 

16. The process according to any one of claims 12 to 15 wherein the cover film further comprises an adhesion layer on 
5 at least a portion of the design layer, or on at least a portion of the design layer and at least a portion of the sub- 
strate sheet on which portion no design layer is present, 

the adhesion layer, or the adhesion layer and a portion of the design layer on which portion no adhesion 
layer is present and/or a portion of the substrate sheet on which portion neither the adhesion layer nor the design 
layer is present contact the silicone rubber material in the mold, and 
w at least a portion of the adhesion layer, or at least a portion of the adhesion layer and at least a portion of 

the design layer on which portion no adhesion layer is present and/or at least a portion of the release layer on which 
portion neither the adhesion layer nor the design layer is present contain the bond accelerating component. 

17. The process according to any one of claims 12 to 16 wherein the uncured silicone rubber composition is a liquid 
15 silicone rubber composition of an addition reaction type, and comprises 

component a): a polyorganosiloxane which contains at least two alkenyl groups per one molecule; 
component b): a polyorganohydrogensiloxane which contains at least two hydrogen atoms per one molecule 
which bond to the same silicon atom or different silicon atoms; and 
20 component c): a platinum compound, and 

preferably at least one of the number of the atkenyl group per one molecule of component a) and the 
number of a hydrogen atom which bonds to a silicon atom(s) per one molecule of component b) is not less than 
3 on average. 

25 18. The process according to any one of claims 12 to 17 wherein a content of the bond accelerating component is in 
the range between 0.1 and 10 % by weight based on a portion which contains the component. 

19. A transfer material used for the production of a silicone rubber molded article with a design attached which com- 
prises a substrate sheet and a design layer which is located on at least a portion of one side of the substrate sheet, 
30 and which is characterized in that at least a portion of the transfer material except the substrate sheet which portion 
contacts the silicone rubber composition in the mold contains, as a bond accelerating component, at least one com- 
pound selected from the group consisting of alkoxysilanes containing at least one unsaturated bond and polyorga- 
nohydrogensiloxanes at least two hydrogen atoms which bond to the same silicon atom or different silicon atoms. 

35 20. The transfer material according to claim 19 wherein the alkoxysilanes include triethoxyvinylsilane, tris(2-methox- 
yethoxy)vinylsilane and 3-methacryloxypropyltrimethoxysilane. 

21 . The transfer material according to claim 19 or 20 wherein the design layer, or the design layer and a portion of said 
one side of the substrate sheet on which portion no design layer is present contact the silicone rubber composition 

40 in the mold, and 

at least a portion of the design layer contains the bond accelerating component. 

22. The transfer material according to any one of claims 19 to 21 wherein the transfer material further comprises a 
release layer located between the substrate sheet and the design layer, 

45 the design layer, or the design layer and a portion of the release layer on which portion no design layer is 

present contact the silicone rubber material in the mold, 

at least a portion of the design layer and/or a portion of the release layer contain the bond accelerating com- 
ponent, and 

the release layer remains on the silicone rubber molded article together with the design layer when the sub- 
so strate sheet is separated off after curing of the silicone rubber composition. 

23. The transfer material according to claim 22 wherein the transfer material further comprises an adhesion layer on at 
least a portion of the design layer, or on at least a portion of the design layer and at least a portion of the release 
layer on which portion no design layer is present. 

55 the adhesion layer, or the adhesion layer and a portion of the design layer on which portion no adhesion 

layer is present and/or a portion of the release layer on which portion neither the adhesion layer nor the design layer 
is present contact the silicone rubber material in the mold, and 

at least a portion of the adhesion layer, or at least a portion of the adhesion layer and at least a portion of 
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the design layer on which portion no adhesion layer is present and/or at least a portion of the release layer on which 
portion neither the adhesion layer nor the design layer is present contain the bond accelerating component. 

24. The transfer material according to any one of claims 1 9 to 23 wherein a portion which contacts the uncured silicone 
rubber composition contains at least an urethane resin. 

25. A cover film used for the production of a silicone rubber molded article with a design attached which comprises a 
substrate sheet and a design layer which is located on at least a portion of one side of the substrate sheet, and 
which is characterized in that at least a portion of the cover film except the substrate sheet which portion contacts 
with the silicone rubber composition in the mold contains, as a bond accelerating component, at least one com- 
pound selected from the group consisting of alkoxysilanes containing at least one unsaturated bond and polyorga- 
nohydrogensiloxanes containing at least two hydrogen atoms which bond to the same silicon atom or different 
silicon atoms. 

26. The cover film according to claim 25 wherein the alkoxysilanes include triethoxyvinylsilane, 1ris(2-methox- 
yethoxy)vinylsilane and 3-methacryloxypropyltrimethoxysilane. 

27. The cover film according to claim 25 or 26 wherein the design layer, or the design layer and a portion of said one 
side of the substrate sheet on which portion no design layer is present contact the silicone rubber composition in 
the mold, and 

at least a portion of the design layer contains the bond accelerating component. 

28. The cover film according to any one of claims 25 to 27 wherein the cover film further comprises an adhesion layer 
on at least a portion of the design layer, or on at least a portion of the design layer and at least a portion of the sub- 
strate sheet on which portion no design layer is present, 

the adhesion layer, or the adhesion layer and a portion of the design layer on which portion no adhesion 
layer is present and/or a portion of the substrate sheet on which portion neither the adhesion layer nor the design 
layer is present contact the silicone rubber material in the mold, and 

at least a portion of the adhesion layer, or at least a portion of the adhesion layer and at least a portion of 
the design layer on which portion no adhesion layer is present and/or at least a portion of the release layer on which 
portion neither the adhesion layer nor the design layer is present contain the bond accelerating component. 

29. The cover film according to any one of claims 25 to 28 wherein a portion which contacts the uncured silicone rubber 
composition contains at least an urethane resin. 

30. A silicone rubber molded article with a design attached which is produced according to any process of claims 1 to 
11. 

31 . A silicone rubber molded article with a design attached which is produced according to any process of claims 1 2 to 
18. 

32. A silicone rubber molded article with a design attached which is produced using any transfer material of claims 19 
to 24. 

33. A silicone rubber molded article with a design attached which is produced using any cover film of claims 25 to 29. 
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